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U.S. NAVY REGIONAL CLIMATIC STUDY OF THE
PERSIAN GULF AND THE NORTHERN ARABIAN SEA

The U.S, Navy Regional Climatic study of The Persian Gulf and The
Northern Arabian Sea was prepared for the Commander, Naval Oceanography
Command (CNOC) by the Officer in Charge, Naval Oceanography Command
Detachment, Asheville, North Carolina. The work was performed in Asheville
at the National Oceanic and Atmospheric Administration's (NOAA) National
Climatic Data Center (NCDC). The surface marine ard coastal station
statistics presented in this study were made possible through programs
designed at the NCDC and funded primarily by CNOC in support of the U.S.
Navy's continuing marine climatology requirements.

Special acknowledgement is given to the following meteorologists of the
NCDC's Global Climate Laboratory (GCL): William A. Brower, Jr., for serving
as project leader and climatic analyst; Phala L. Franks, for performing thj
computer processing and editing of marine data; M. Lawrence Nicodemus and
William 0. Brown, for production of the Station Climatic Summaries; and
Michael J. Changery, for performing an editorial evaluation of the text,
isopleth analyses, and graphics products. Specific acknowledgment is also
made to the GCL's Ronald G. Baldwin, computer programmer/analyst, for
production of the computer-generated graphic presentations; and to
meteorological technicians Charles W. Thomason for editing the isopleth
analyses, and Michael G. Burgin and Scott J. Miller of GCL, and David A.
McKittrick of General Electric Contract Services, for their drafting skills
in preparation of this publication for printing.

Geographical CQverage

This climatic study covers the Persian Gulf and the Northern Arabian Sea
located within 140 and 310 north latitudes and 470and 750 east longitudes.
Figure I shows the marine area and 13 coastal stations for which climatic
statistics are presented. This study area is the first of three areas to be
published based on a single analysis effort of a much larger marine area
which includes the Red Sea, Gulf of Aden, Persian Gulf, Gulf of Oman, Arabian
Sea, and Western Indian Ocean waters north of Madagascar. The total marine
analysis area is bounded by 100 south and 35' north latitudes and 25* and 750
east longitudes (excluding 10S-10N, 65-75E). An analysis was performed on
the entire marine area to permit continuity between the three study areas.

Climgtic Data arld -ma~i

Surface marine statistics are presented on monthly charts in the form of
isopleths, tables, and roses. Statistics include the monthly means or
percent frequency of occurrence of threshold values for wind, visibility,
clouds, precipitation, air and sea surface temperatures, ocean waves, and
surface currents. The marine statistics for the total analysis area, except
for ocean currents, are based on approximately 3.8 million hourly
observations taken from the NCDC's Tape Data Family (TDF) U129. These
observations were collected by ships of various registry frequenting the
marine area over the period 1854-1990.

Many of the ships' observations are presently transmitted over the
Global Telecomn.unications System, captured and archived. Other observations
are diqitized from ship loq forms by various participating members of the
World Meteorological Organization, and exchanged under international
agreement among the various maritime nations of the world. Although data for
this study date from 1854, most of the observations have been collected in
the past 40 years, which is significant because recent observations contain
more alements than pro-1949 reports. The density of ob.-:-vations within the
analysis area is greatest along major shipping routes along the near-coastal
waters of the Arabian Peninsula, and the Indian Ocean route between the Gulf
of Aden and southern tip ot India.

The TDF-1'29 data were subjected to thorough co=putei .nd visual quality
control to eliminate duplicate observations and exclude questionable elements
detected during internal consistency and extreme value checks. The edited
data were computer summarized and plotted by one-degree quadrangles and
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subjectively analyzed by meteorologists to produce isopleth maps. Subjective
adjustments were made to the analyses when data biases or insufficient
observations were evident. Consistency checks were also made in the sets of
monthly patterns for each element and among elements, as well as comparative
checks with other marine atlases and publications.

Computer graphics tables of visibility and wave heights, and roses of
winds and ocean currents are also presented by one-degree quadrangles on
monthly charts. The legends on the charts contain detailed instructions on
how to read the graphics. The graphics represent the objective compilation
of available data. These data were not adjusted for suspected biases (low
observation count, heavy weighting of observations taken during relatively
short time intervals, biases in coding of observations from various source
decks, etc.); hence, differences may be found when comparing the graphical
data with the isopleth analyses. The total number of observations for a
given quadrangle should always be considered when interpreting the data
because there may not be a sufficient number for the calculation of
climatically representative statistics.

Station Climatic summaries (SCS) are presented in tables for the 13
coastal stations shown in Figure I and Table 1. Hourly (te-lecommunications)
data for the years 1973-90 were processed for each of the stations. The SCS
tables for these 13 stations were taken from the April 1992 version of the
International Station Meteoroloqical climate Summary (ISMCS) file containing
900 stations. The ISMCS file, which is presently being updated and is to
contain about 1,400 stations, is a joint production by the Naval Oceanography
Command Detachment (NOCD), the United States Air Force Environmental
Technical Applications Center (ETAC), and the National Climatic Data Center
(NCDC) located at the Federal climate Complex in Asheville, NC. The
summaries for the 13 stations are based on data from the edited digital files
of the ETAC.

TABLE 1. Climatic Summary Stations

WHO NO. STATION NAME - LOG 'J•

40582 Kuwait Intl AP, Kuwait 29-13N 47-59E
40858 Bushire, Iran 28-59N 50-50E
40875 Bandar Abbas, Iran 27-13N 56-22E
41150 Bahrain Intl AP, Bahrain 26-16N 50-39E
41170 Doha, Qatar 25-15N 51-34E
41194 Dubayy, United Arab Emirates 25-15N 55-20E
41217 Abu Zaby, United Arab Emirates 24-26P 54-39E
41240 Al Khasab, Oman 26-13N 56-14E
41256 Muscat, Oman 23-35N 1,8-17E
41288 Masira (Om-an AFB), Oman 20-40N -54K
41316 Salalah, Oman 17-02N 54-05E
41780 Karachi, Pakistan 24-54N 67-08E
43003 Bombay, India 19-07W 72-51E

&LojL.s gn. The intent of this atlas presentation is to gather
and present existing data on climatological conditions within the marine and
near coastal areas of the Persian Gulf and North Arabian Sea. The data are
presented without diccussion and interpretation. Given the information
presented in the introductory text, legend descriptions on all charts, and
numbers of observations displayed with the graphics presentations, the user
should be able to assess tho degree of statistical confidence in the
preaanted climatology for a given month and location. The climatological
statistics for the 13 coastal stations are presented to afford a better
climatological picture of the coastal area. Differences, however, may b
found when cooparing the station tabular data with the marine statistics.

PHYSICAL FEATURES

The waters in this marine cli=atic study of the Persian Gulf atd the
No.'thern Arabian Sea within 14*-31N and 47'-75*E touch the shores of 11
countries: Yemen, Oman, United Arab Emirates, Qatar, Saudi Arabia, Bahrain.
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Kuwait, Iraq, Iran, Pakistan, and India. (All but India are within the
Moslem world.) The influence of these waters upon the adjacent lands is
restricted by the prevailing pressure patterns and the mountainous topography
of the surrounding lands so that aridity and continentality characterize most
of the study area.

The Persian Gulf-Gulf of Oman waters are a northwestern extension of the
Arabian Sea. The Persian Gulf itself forms a great 530 nautical mile (nm)
concave curve running southeasterly from the mouth of Iraq's Euphrates River
Delta to the Strait of Hormuz, and averages about 130-150nm wide and 65-200
feet deep. The Persian Gulf, on entering the Strait at Dubayy, quickly
narrows to less than 30nm and deepens to a maximum depth of 300 feet. Here,
the Gulf of Oman begins and extends southeastward beyond the Strait some
280nm as it rapidly increases in width to 200nm with depths greater than
6,000 feet before joining the Arabian Sea. The generally accepted boundary
between the Gulf of Oman and the Arabian Sea is an imaginary line drawn from
the Iran-Pakistan border to the eastern most point of Oman at Ras al Hadd.
Figure 2 provides some general bathymetry information.

Narrow coastal plains bordering the marine study area are surrounded by
vast deserts and wastelands to the west and south and by Iran's Zagros
Mountains to the north. Salt marshes at the northwestern end of the Persian
Gulf extend from Kuwait to the Iranian coast near 30 0 N, 50 0 E, and inland from
15 to 70nm. Desert lies beyond the salt marshes. The southern shore is
nearly flat from Iraq southeastward to the Oman Peninsula. Terrain in Saudi
Arabia inland of the shoreline is a mixture of sand dunes, wadis (dry
washes), and low gravel ridges. Sand dune fields are concentrated within
50NM of the coast from Kuwait to Az Zahran near 260N, 50 0 E; south of Az
Zahran these fields extend inland from 75 to 200nm. Elevations rise slowly
inland to about 1,700 feet. South of Abu Zaby, and extending southwest to
the mountains of extreme eastern Yemen, is the "Empty Quarter," an area of
sand dunes and ridges with almost no permanent human inhabitants. Sand
ridges mix with the sand dune fields from the Oman Peninsula south and
eastward to within 50 to 75nm of the mountain range along the Gulf of Oman-
Arabian Sea coast. >alt flats are common within 15rm of the coast along the
entire southern gulf shore. A range of mountains runs along the coast the
length of Oman from the Strait of Hormuz to 20rmm west of Ras al Hadd.
Elevations range from 5,000 to nearly 10,000 feet along the ridge, with
elevations dropping to less than 1,700 west of th.s mountainous sp..Ie. A
narrow coastal plain backed by hilly, sometimes mountainous, terrain runs
along the entire Oman-Arabian Sea coast. Maximum elevations reach 2,500
feet.

Terrain on the Iranian, or northern, uhore of the Persian Gulf is in
sharp contrast to the rest of the region. tiumorous mountain ranges, oriented
pa- -allel to the Persian Gulf-Gulf of Oman, front a narrow (70 to 40nm)
coastal plain from the Tigrin-Euphrates delta southeastward for 105nm to )ust
southeast of Bushire. Southeast and east of this point to the Strait of
Hormuz, the nalor ranges rise almost immediately inland from the coast. The
highest mountains are inland of the northwestern half of the Gulf, with Veaks
ranging from 11,000 to more than 14,000 feet. Southvestward from the Strait
of Hlormuz to the Iran-Pakistan border, nountain ranges form the coast and
rise rapidly, exceeding 5,000 feet within 40na of the coast and 10,000 feet
within 90nom. E[qVJgi _ provides some general topography information.

GWERAI, Ca7RrCUI1,tIli.A~L~t

The climate of the marine study area is one of sharp contrasts between
marine and continental controls. As a result of the seasonal variation in
incoming solar radiation and the differential heating and cooling of Ania to
the north, Africa to the west. and the Indian Ocean to the south, A winter to
su"er reversal in pressure systoms and winds creates a monsoon clinato over
Southern Asia and the Arabian Sea. Solar radiation and the low heat
capacity of the Asian land mass results in the fall formation and spring
decay of the extensive coid Siberian High centered near 5061t, 95"E, and thc
spring formation and fall decay of the .arm Pakistani Lo" centered near 306N,
650E. The mean sea level pressure charts for January and July in E
illustrate the general xonsoon circulation.
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This monsoon climate is characterized by two distinct monsoon seasons
separated by two short (30-4!5 day) transition periods. The winter northeast
monsoon, present from November through March, is dominated by northeauterly
low-level flo~w controlled by "he Siberian High and a deep thermal low over
Australia. In April and Mahy this northeasterly circulation rapidly breaks
down and, during May to September, is replaced by the Pakistani Low and its
associated secondary lows in Saudi Arabia and S~haran Africa. The
Intertropical Convergence Zone (ITCZ) moves rapialy north into the
intensifying heat lows and the southern hemisphere southeasterly trade winds
cross the Equator, recurve to reinforce the summer southwest monsoon flow
across the Arabian Sea into India. During this time, the Indian ocean High
moves northwestward and intensities. In October and November, the Pakistani
Low collapses as days become shorter. Cooling over Siberian Russia
reestablishes the Siberian H(igh, and the ITCZ mlqraces southward once ac~ain.
Low-level northeasterly flow is reestablished over Southern Asia and the
Arabian Sea and the cycle repeats itself.

The continental influence is strengthened by the tropical latitudes of
southern Asia as well as by the heiqht and extent of the massive east to west
continental mountain systems. The peninsula extensions of Asia into the
latitudes of the subtrooical anticyclonic belt are a factor in the intensity
of the summer heating and hence the strength of the southwest monst...-*,
whereas the zonally oriented mountain systems reduce the strength of -
northeast monsoon by largely containing the Siberian !Hiqh in winter. Otkler
centinental features favoring the monsoon flow are the northeast tc sout:-west
or..entation and the generally high elevations of the coasts of krat-'Ia and
East Africa; these features tend to channel the summer monsoon toward the
Pakistani Low and the winter monnsoon toward the African Equatorial Low.

Within the study area, the Persian Gulf, Cuif of Oman, and western
Arabian Sea eAperiencc pre~iominantly contzinental iirflow resulting in
relatively low humidi-tiies and lirge temperature contrasts throughout the
year. ihecause of the landlocked nature of the Persian Gulf (and Red Fea),
the influx of hot, dry air from the surroundincr deserts, and the high
incidence of soli'- radiation w.ith rew c,1ouds, these waters ccný,t~tute tr.e
hottest sea surfaces in the world. Continental influences Are also important
in tnie northern and eastern Araibian Sea, ,ust off the Asiatic mainland, under,
the influence of the coal, dry or.tn-horo airt'low or the Northern Hemisphere
winter. Durinainmr however, narittne influences are, dorinant in this
area of the Aravian sea.

The wintdr northeast nonsoon prevails in thc Aribiain Seýa to slIightly
south or the equator. Never as viqorous asý the nonsoon of :;ummer, the winte-r
monsoon is strongest and nost cons;tant ovo'r the icentral and western Arabian
Sea so'.ch or :0N The main flource of relativrly coaoler air, arriveps over the
area from Europe by way of the Xediterranean Se4a And 1Persilan Gulif lHoeveýr.
sthe lowest tomperatui-eu occur whien codnntinonltal .irf llowl out of the
wintertime Siberian tilgh throuqh the Western ,a~e f 1!,. Hindu Eush
Moun tairis ( 3 I, 7 11F) . the warn inct of t he r,)laýr :-nt in-nta -tI Atr A_- it moves;
nouthward soon tranzforms Into tropical Continental over. the reninstu'as and
tropical narititte over the Arabian :Zea. Weathtlr in thinZ Air irs generally
f ine, with clear skelow humi3ditios, and ntninai eainlall. North of 20!l
and egpecially in the Persian And 0Onan ~ofc~par. zz-jny voather zs lest;
lixely. The wind vairiability at the head of the Araia Sa andt in the Gulf
of Omtan And theý Persiain Gulf rveflects the continental influeirnce- of land -And
nea breeres, topoqraphic channell1ing, and thv- roverant of wostern dý_p' essionf:
through tho Persian G~ulf .and along the sculthorn ta-kit, coast. T h P
frequent eastward passage of weak lows along the nountainous coasts C,4U~e
variable winds. increased cloudinoss, and rretineS: rain. Squalls. Jiust
gtorms, or occasional thunderutorns may Cccvonpany ?hq dleeper dpeinsor
rapidly rovingq cold fronts.

'the iruner noutlhwest ntcnsoicn -v much strcrtaer andl deeper, and chlef.ly of
Southern lIenicrhora naritire origin rather than NCorthern lfenigphere
continental origin. This airfl1ou i~z; env of the rost pesi;sten' in the world.
Since the southwest mon-soon has a lona trajectory over water, it b~rings an
abundance of ncoisture to the cor-tinent. Socuthwesterly :flo% has a dir&,ct
affect on the Arabian, 5e4 .:oast of CO-an. the GuIf of oa.the Arabian Sea
coast of Iran. southern Pakistan, and )ndia. it &s acconpanied by nvore
remarkable weather events, :n-cleudina stror-g windsz. excepttcr.ai ra~infall



amounts, and, on rare occasions, tropical storms. As this humid, unstable
air stream develops in June, cloud and rainfall amounts increase rapidly.
Where onshore winds encounter mountainous terrain, as along the west coast of
India, the onset of cloud buildup and resultant rainfall has a dramatic
suddenness. As the season progresses, cloud and rainfall frequencies remain
high, but spells of fair weather intervene between monsoon surges. Strong
upwelling along and just off the Oman Arabian coast assists in the
maintenance of the Southwest Monsoon.

Intense extratropical cyclones rarely occur in the Arabian sea, although
depressions from the eastern Mediterranean, and some originating in the
Sahara and western Arabia, do pass through the Persian Gulf during the
Northern Hemisphere winter, retaining much of their original strength. They
are frequently accompanied by gales, and thunderstorms are sometimes
associated with their cold fronts.

The normal winter pressure gradient is slight over the Persian Gulf
which lies between the Siberian High and the extension of the Atlantic High.
The comparatively warm temperature of the water causes a shallow low pressure
to be apparent ovor the gulf. Over most of the gulf, northwesterly winds are
most frequent, but near the Strait of Hormuz where the gulf is o. iented
northeast to southwest, the winds are often westerly and southwesterly. This
prevailing northwesterly gulf wind, known as the Shamal, occurs in the
Persian Gulf and over its immediate land areas following passage of cold
fronts southeastward. The strong summer Shamal is rarely associated with
storms but is brought about by a deepening of the Pakistani Low. Unlike the
winter Shamal, the changes in speed of the summer Shamal are gradual and more
predictable. The Shamal is strongest and most persistent from early June
until mid-July. During this period, sometimes called the 40-day Shamal or
great Shamal, winds may occasionally reach gale force and bring clouds of
dust and sand from the desert to the gulf. During August, there is a marked
decrease in speed of the Shamal, but it continues as the dominant wind.
During periods of strong Shamal the air is usually hot and dry, and the sky
is cloudless. The Shamal produces the most widespread hazardous weather
known to the Persian Gulf region.

The winds of the Gulf of Oman are distinct from those of the Persian
Gulf. Instead of being dominated by the Shamal, the winds are vai.iable and
generally light during winter, and mostly under the influence of the
southwest monsoon in summer. Southwesterly winds are most prominent at the
eastern end of the gulf, but at the center of the gulf they are deflected to
the south or southeast, and at the western end the winds are variable.

Over the Arabian Sea as a whole, gales are rare and generally occur less
than 1% of the time. However, strong local winds may be encountered in some
coastal areas, the most notable example being the Belat which blows off the
southern Arabian coast during the northeast monsoon. The Belat is a well-
developed northerly land breeze which may reach gale force for periods of a
few minutes or several hours. This wind generally begins and ends quite
abruptly and is frequently associated with sandstorms over land. It may
persist for several days.

Tropical storms, occasionally of hurricane intensity, usually form in
the eastern Arabian Sea within 10-150 N, 70-75 0 E and migrate slowly
northweetward. All tropical storms that enter the study area disintegrate
over land or before reaching the 50th meridian. Such storms occur at an
average of one per year, during the transitional seasons of autumn and
spi2ng.

The ocean surface currents in the Arabian Sea are driven primarily by
the seasonal winter northeast monsoon and summer southwest winds. However,
because of oceanographic and physiographic factors, the exact monthly extent
of the seasonal current patterns varies somewhat at different locations. The
configuration of India's coastline sets the currents in the eastern Arabian
Oea northwest in winter and southeast in summer during the monsoon seasons.
_Ficure 5 shows the January and July general surface current pattern for the
Arabian Sea during the peak of the winter northeast and summer southwest
,onsoon winds. The surface current pattern for the transitional months is
variable or a weakened version of one of the monsoonal patterns. Currents in
the Persian Gulf and the Gulf of Oman set westward and northwestward along
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the north shores and scutheastward along the south shores. Tidal influences
cause considerable variability in the currents in the Persian Gulf and in the
Strait of Hormuz. Figure 6 shows the flood and ebb tidal currents for the
gulf and strait.

Marine ClImatological Elements

Precipitation

Of the elements recorded in the marine data base, precipitation is the
one most subject to error in both the way it is observed and the way it is
interpreted. For example, it is often inferred in the literature that ships
often try to avoid foul weather and thereby bias the data towards fair
weather with fewer precip!tction observaticns. Elms (198o) compared the
Volunteer Observing Ship (VOS) and buoys, finding little evidence that "fair
weather: bias" is a serious problem for most applications of marine climatic
data. With the introduction, in 1982, of a present weather indicator (i,)
to the International Ship Synoptic code FM13-VII, users have to be careful
not tc bias the data, especially that from between January 1982 and March
1985 when the indicator was inadvertently left out of the international data
exchange format.

Assessing oceanic precipitation is always a major problem because
transit ships are unable to taKe 4uantitative measureme.nts. A number of
studieb have been conducted in an effort to predict precipitation amounts, or
rates of fall based on estimates derived from readings from satellites (Rao,
et al., 1976). For the monthly isopleth presentations of percent frequency
of precipitation, the present weather codes 20-27 (precipitation within the
past hour) were included with codes 50 through 99 tc compute the pe'cent
frequency of precipitation in an effort to correct an apparent observational
bias. This brings the frequencies more in line with results obtained from
ccean weather station obseevations, the most reliable bench-mark for the open
ocean.

•r Tej•pe etue

Air temperature is one of the elements most frequently observed by
mariners. It should be noted that on many ships the heating effect of the
ship's structure has a tendency to produce higher than actual ambient air
temperature readings because of instrument exposure (Folland, et al.,1984;
wright, 1986). This is especially true under calm, sunny conditions.
Therefore, some ship temperature observations have a warm bias; however, the
aggregate is relatively representative atter erroneous outliers have been
eliminated and the numerous nighttime observations and unbiased daytime
obser,'ations are included. Also, true extremes are rarely captured since
continuous observations are not made at most ocean locations. It is highly
unlikely that a ship-of-opportunity would be taking its synoptic weather
observations at the exact time that an extreme was occurring. Monthly
isopleths of mean air temperature are presented.

Sea-Surface Temperature

Sea-surface temperatures are recorded with fairly high frequency in
marine observations. The principle methods for sampling are with ship water-
intake thermometers and by reading the temperature of sea water retrieved
with buckets. Even though the two methods can produce slightly different
results (Barnett, 1984), the data can be used with considerable confidence
when examining the long-term means. Monthly isopleths of mean sea-surface
temperature are presented.

Surface Winds

Surface wind is one of the most commonly observed elements. Many of 'he
observations from the NCDC data base are visual observations based on the
roughness of the sea. In recent years, more ships acquired anemometers and
reported measured winds. Prior to 1963, many observed wind speeds were
recorded in the Beaufort scale; such estimates have oroven to be quite
reliable and can be used with a high degree of confidence. Five sets of

Xiv
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monthly wind speed isopleths are presented: the scalar mean speed and the
percent frequency of winds less than 11 knots, from 11 to 21 knots, from 22
to 33 knots, and greater than or equal to 34 knots. Also given are monthly
wind roses for one degree quadrangles.

Visibility

Visibilities are difficult to measure at sea because of the lack of
distance reference points. Climatically, many low visibility observations
are probably missed because the observer is too busy with other duties (a
contrasting form of fair weather bias). However, the coarseness of
visibility (code) intervals helps to minimize the problem, thereby permitting
the summarized monthly tabulations of visibility data presented by one-degree
quadrangles to be relatively consistent.

clouds

A survey of the cloud data (total and low cloud amount) from the surface
marine observations data baso shows that the number of total cloud reports
are significantly greater than that of low cloud amounts. This is because
many of the early marine observations contain only total cloud amount. For
the two monthly presentations (total cloud amount less than/equal to 2/8, and
low cloud amount greater than/equal to 5/8), only those observations
reporting both total and low cloud anounts were summarized. This helps
eliminate problems introduced as a result of different size data sets (n-
count). The use of satellite data helps to bolster confidence in the total
cloud analyses because they show fairly close agreement with those observed
from the surface (U.S. Department of Commerce and United States Air Force,
1971).

ceiling and Visibility

Aircraft-type ceilings are not available from marine observations. The
ceilings are estimated from the height of the lowest cloud when low clouds
.;over more than half the sky. When the sky is totally obscured by rain, fog,

dust, or other phenomena, the total obscuration is considered a ceiling with
a height of zero. Monthly percent frequency isopleth charts are presented
for mid-range ceiling and visibility (ceiling less than 1000 feet and/or
visibility less than 5 nautical miles; ceiling less than 8000 feet and/or
visibility less than 10 nautical miles) and low-range ceiling and visibility
(ceiling less than 300 feet and/or visibility less than 1 nautical mile;
ceiling less that 600 feet and/or visibility less than 2 nautical miles).

Wave-Heigh~ts

Wave-heights have been recorded in consistent quantitative code since
the late 1940's. The reluctance of many observers to take wave observations
in the earlier years and the difficulty in estimating waves, especially in
confused seas, make wave observations one of the least commonly observed
elements. The observations are also subject to biases. Generally, the
heights are too low, the periods too short, and the sea-swell discrimination
poor (Quayle, 1980). The data in this study have not been adjusted for the
suspected biases, but were processed through a quality control procedure
wherein an internal check was made between wind speed and sea-height. The
data were also matrix-arrayed and apparent erroneous outlier data values were
deleted from both the sea and swell data. Wave-height presentations include
isopleth maps showing percent frequencies of wave-heights greater than or
equl to 3 feet and greater than or equal to 8 feet. In addition, wave-
height tables by quadrangle show frequencies by six wave-height categories.
In these presentations, the higher of the sea or swell was selected for
summarization. If heights are equal, the wave with the longer period vas
selected.
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November Ceiling-Visibility (mid range)
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November Wind Speed 11-21 and 22-33 Knots
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41217: Abu Zaby. United Arab Emirates- LAT: 24026'N LON: 54039'E ELEY: 89Ft
Period of record (hourly): 1973 - 1989 Period of record (daily): 1973 -1989
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STATIQN CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41240: Al Khasab, Oman LAT: 26013'N LON: 56014'E ELEV: 1OFl
Period of record (hourly): 1979 - 1989 Period of record (daily): 1979.1989
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* STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41150: Bahrain IntlAP, Bahrain LAT: 26 016N LON: 50039E ELEV: 7F1
Period of record (hourly): 1973 - 1989 Period of record (daily): 1973 -1989
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STATION CLIMATIC SUMMARY
(Iiorived from houmly data)

WMO NO. 40875: Bandar Abas, Iran LAT 27
0

13'N LON: 56022'E ELEV. 33F1
Period of record (hourly) 1973 - 1980 Period of record (daily): 1973 -1980
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STATION CLIMATIC SUMMARY
(Derved from hourly data)

WMO NO. 43003: Bombay, India LAT: 1900TN LON: 72051E ELEV: 46Ft
Period of record (hourly): 1973- 1989 Poriod of record (daily): 1973 -1989
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 40858: Bushire, Iran LAT 28059'N LON: 50050'E ELEV. 62Ff
Period of record (hourly): 1975 - 1989 Period of record (daily): 1975 -1989
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STATION CLIMATIC SUMMARY
(Derived from hourly dala)

WMO NO. 41170: D[oha. Qatar LAT: 25 0 15'N .. LON: 51'134'E ELEV: 33FI
... Period of record (hourly): 1973 - 1989 Period of record (daily): 1973 -1989
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41194: Dubawy, United Arab Emirates LAT: 250 15'N LON: 55020'E ELEV: 16FI
Period of record (hourly): 1973 - 1989 Poriod of record (daily): 1973 o1989
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41780: Karachi, Pakistan LAT: 24054'N LON: 67'08'E ELEV. 72Ff
Period of record (hourly): 1973- 1990 Period of record (daily): 1973 -1988
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 40582: Kuwait Intl AP, Kuwait LAT: 29 013'N LON: 47059'E ELLV: 180F1
Period of record (hourly): 1973 - 1990 Period of record (daily): 1973 -1990
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41288: Masira (Oman AFB), Oman LAT; 20 040'N LON: 58%54*E ELEV. 62FI
Period of record (hourly): 1973 - 1989 Period of record (daily): 1973 -1989
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1I 9 8 7 37 . m9 7 1 2 1 1. 82 ; 7

192 
3 ' 8 17

ALL 7. 12 ( '1. 29 77 97 .77 7 7 ,9 17

PERCENT o0 HOURS WITH27
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O i ? • 1 3 6 ý'6 1 7 1 I Io, 8 1- 7 2 9 12 2 22 . 1'

S2 22 27 8 77 8 0 7 20 7

07 2 5 7. 8 9 29 97+ 92 . 11l 2 2l28 17
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41256: Muscat, Oman LAT: 23035'N LON: 58017'E ELEV: 49FI
Period of record (hourly): 1974 - 1990 Period of record (daily): 1974 -1990
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STATION CLIMATIC SUMMARY
(Derived from hourly data)

WMO NO. 41316: Salalah, Oman LAT: 1 r02'N LON: 54°05'E ELEV: 66Ff

Period of record (hourly): 1973 - 1990 Period of record (daily): 1973 -1990
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FLYING WEATHER - PERCENT OF HOURS
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